Introduction

35
The continual release of toxic gases into the atmosphere from variety of sources (due to   37 industrial discharges, transports, use of paints, domestic activities, etc.) has resulted in the 38 gradual degradation of the environment [1] . The planar reactor consists of a rectangular cross section (135mm× 135mm) and is 1m length.
80
It is made of polymethyl methacrylate (PMMA) material. Two plates, 4mm thickness, are 81 arranged parallelto the length ofthe reactor and permit to hold up the catalyst media and the 82 two electrodes. The distance between the two plates, which is also the air gap, can be 
89
The design of this reactor ( Figure. 2) was the subject of a Patent Application (BFF
90
11L1040/GB) [27] .
91
The nonthermal plasma, of surface dielectric barrier type, is generated by a 2 mm thickness iscontinuouslyinjected by means of a syringe/syringe driver system (Kd Scientific Model 100) 120 through a septum into the gas stream and a heating system covering the injection zone sets the 121 gas temperature and facilitates the VOC vaporization ahead of the static mixer (Fig.3 ). 
Apparatus and Analysis
126
For the analysis, a FISONS Gas chromatograph coupled with a flame ionization detector (GC- 
Results and Discussion
153
The average temperature was equal to 20 • C. It should be noted that, whether the UV lamp 154 could potentially heat up the air, themeasured outlet temperature of the gas never exceeds the 
Removal of 3-methylbutanal
159
The VOC Removal Efficiency (RE) is defined as:
Where C in and C out are the inlet and outlet concentration of 3MBA (mg.m -3 ) respectively.
162
Moreover we use the Lissajous plot method (Manley, 1943) for calculating mathematically 163 the power input (P) (eq.2).
Where P is the input power (W), E is the injected energy (J) and F is the frequency (Hz). The 
172
In the case of fig.2 , the discharge power was estimated to be 6 W.
173
After the specific energy (SE) is then calculated as:
175
Where SE was the specific energy (J/L), Q was the flowrate (m 3 /h). 
Results and discussion
180
The main target of this work was to study the removal of 3MBA by plasma coupled with TiO 2
181
without external UV in order to investigate the effect of UV light from the SDBD reactor in 182 TiO 2 activation.
183
The effects of several parameters, such as specific energy (SE), residence time in the reactor 184 and inlet concentration on the contaminant removals were investigated.
185
The domain of gas flowrate, inlet concentration tested, UV intensity, and the applied voltage 186 of plasma SDBD were summarized in Table 2 . The CO 2 overall selectivity (CO overall selectivity can be also defined) may be a useful 214 parameter to assess the performance of the plasma SDBD towards 3MBAremoval. It allows 215 estimating the mineralization rate i.e. the ultimate reaction step, of each process of oxidation.
216
The CO x selectivity is expressed as follow (eq. 4): .ashows the selectivity of CO x (CO and CO 2 ). As seen, the selectivity of CO x was bad 228 and never close to 100%. In fact, the selectivity to CO 2 was around 19 % at 16 J.L -1 .
229
Moreover, we note that the increase of SE leads to an increase of overall selectivities. This is 
235
We can also note that the presence of photocatalyst on the plasma zone, does lead to more 236 mineralization.
237
The others byproducts in the exit of reactor were identified and evaluated.To evaluate the 238 validity of the analysis method i.e. to be sure that the majority of byproducts were detected, 239 mass carbon balance was estimated ( fig.6.b) .
240
In fact, mass carbon balance CB (%) was calculated from the sum of acetone (CH 3 COCH 3 ),
241
acetic acid (CH 3 COOH), CO 2 and CO as follows: 
where M can be either molecular oxygen or molecular nitrogen [4].
264
As seen from Fig 7, when the SE increases, the quantity of ozone increases as wall. That Moreover, it is interesting to note that the presence of photocatalyst without external UV On Figure 8 , the variation of 3MBAremoval efficiency, by coupling process, as a function of 292 the sum of removal efficiency due to plasma and photocatalysis is represented.
293
We can see that 3MBA removal by coupling plasma and photocatalysis was about 5 to 15% 3MBA removal increased to 83% (10% higher than the contribution of each process).
300
This synergetic effect was observed under various experimental conditions (Fig.8) 
301
This synergy may be assigned to: On the other hand, figure 9 illustrates the results for TMAremoval for the photocatalysis alone 
356
We note that with photocatalysis alone and plasma SDBD/photocatalysis coupling processes,
357
the detectedbyproducts are propionic acid, acetone and acetic acid. We note that with plasma 358 alone, the detected byproducts are acetone and acetic acid. The residual ozone concentration at the reactor exit for each process (plasma alone and the 363 combined process) is represented in figure 11 . The result proves that the amount of ozone 364 formed by plasma SDBDalone is higher to that due to the combined plasma SDBD/TiO 2 +UV.
365
These results suggest that UV can play a role either in inhibiting the ozone formation or in 366 ozone decomposition [38, 40] .
367
Thus, this experiment illustrates that the active species generated (  O) by plasma are able to 368 more oxidize 3MBAand also to react with oxygen molecules for forming ozone [37] [38] [39] [40] . 
376
We note thatphotocatalyst reactor alone does not produce ozone. In order to more investigate this ozone behavior, the planar reactor was operated in two parts:
382 the first part was with plasma SDBD alone and the second part with photocatalyticprocess
383
(TiO 2 + UV). The quantification of the ozone was done at the outlet of each part.
384
The result shows that the amount of ozone was reduced when TiO 2 catalyst is irradiated by 385 UV (fig. 12 ).
386
At SE equal to 16 J.L -1 , the ozone concentration in the first part is 61 ppmv and decreases to 387 48 ppmv at the exit of the reactor (the second part). The same behavior is seen with SE equal 388 to 9 J.L -1 . These results show that UV irradiation is able to promote ozone elimination. Ozone
389
can also contribute to 3MBA removal on the photocatalytic surface [40] .
390
This behavior is another reason to explain the synergetic effect between plasma SDBD and 391 photocatalysis. The goal of this paper was to compare the behavior of 3MBA removal when catalysis (TiO 2 399 without external UV) and plasma SDBD are combined, to each process taken separately in 400 order to determine whether or not a synergy effect was present. Our result showed that the 401 UV light from the SDBD reactor was very weak to activate the TiO 2 . Its contribution to the 402 removal of 3MBA in plasma SDBD/photocatalysis combination reactor could be ignored.
403
For each operating parameter, we had unambiguously shown that a synergetic effect for the 404 3MBAand TMA removal can be observed when NTP is coupled with TiO 2 catalyst irradiated 405 by external UV.
406
The behavior of combining plasma SDBD and photocatalyst in the same planar reactor had
407
shown thatthe ozone can be easily decomposed. 
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